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INTRODUCTION 
Through the study of environmental control of plant growth, it 
has become known that external factors control the internal hormonal 
factors. The time and amount of hormone produced control the plant 
gr01-Tth. It therefore has become of interest, since the discovery of 
growth regulators, to think about artificial application of hormones 
and antihormones. The selection, timing and amount of hormone applied 
are very important_. The desired result is an alteration of the life 
cycle of the plant in such a manner that an increase in Y,ield is 
achieved. 
This research is based.on the principle or theory that by manip­
ulating the inherent internal mechanism of the plant, that is, the 
level of the genetically produced and environmentally controlled plant 
auxin or hormone indole-3-acetic acid (abbreviated IAA hereafter), the 
yield can be influenced. Hormonal control of lateral buds is the 
goal. The principle involved is based on Galston's (10) discovery 
through the use of the Avena test that 2,3,5-triiodobenzoic acid 
(abbreviated TIBA hereafter) inhibits the action of L4A. Since IAA 
has been shown to inhibit the growth of lateral buds (2h), Holden (20) 
has suggested that lateral bud dormancy in flax may be broken through 
the use of TIBA. Uis preliminary experiments with TIBA application 
after_ the period of maximum flowerir.g in flax have shown that a 
number of lateral buds break their dormancy and d�velop into fruit-
bearing branches. 
According to Weintraub (38) TIBA and the 26 other possible 
2,3,S-trisubstituted benzoic acids containing iodine, bromine, and 
chlorine were synthesized by Thompson, Owings, and Nutter using 
procedures designed to yield only the desired isomers. Initial tests 
were run on these compounds in 19h2 by Zimmerman and Hitchcock (hO) 
in order to deteTmine their physiological activities. TIPA was picked 
out of this group as a possible synthetic flower-inducing hormone (hl). 
Tomatoes were treated in several ways in an effort to induce flowerj_ngo 
TIBA applied as a spray, a vapor, in a lanoli.n paste, and in the soil 
produced the same effect in each case. The treated plants had odd 
curvatures of the stem at the nod�s, modifications of new leaves, and 
flowers developing on vegetative branches. Thimann and Bonner ( 36) 
noted similar effects in tomatoes by applying TIBA to the soil. 
In 19h7 Galston (10) treated soybeans with TIBA and observed 
epinasty of young leaves, shortening of internodes near the apex, loss 
of apical dominance, darkening of the apex, and finally loss of the 
apical bud. 
Bonner (4, 6) in 19h9 studied the effect of TIBA on the induction 
of flowering in Xanthium which was in a vegetatiYe state. TIBA caused 
the initiation of flower-like buds which, however, did not develop 
flowerso He concluded that this demonstrated an antagonism between 
TIBi and Hk�. 
In 1953 Asen and Hamner (3) found that TIBA when applied in a 
lanolin paste to thE! bases of rose stems caused three. times as many 
lateral shoots to develop as in untreated stems. 
2 
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Gausman and Dungan (12) in 1954 treated maize with several differ­
ent growth substances. TIBA was found to be influential in increasing 
the number of silked ear shoots and filled ears. 
In 1955 Hay (17) reported a study of the transport of IAA 
through excised sections of stems and roots from bean seedlings. 
Pre-treatment with TIBA inhibited subsequent translocation of IAA. This 
was confirmed in 1958 by Keitt and Skoog (22) . TIB..A was found to 
inhibit the polar transport of IAA-a-14c in bean hypocotyl sections. 
Holden (20) �n 1958 treated flax with TIBA in lanolin paste and 
in a spray. He found that TIBA treatment after the period of maximum 
flowering caused a. mnnber of lateral branches to form. 
In 1963 Hertel and Leopold 0.8) reported that TIBA inhibited LA.A 
transport in the corn coleoptile. 
In 1965 Anderson, et. al., (2) reported increased yield and 
decreased lodging in soybeans when TIBA was applied at a specific time 
and concentration. In the same year Christie and Leopold (8) used 
TIBA in the study of I.AA transport because it has no comparable 
respiratory side effects at concentrations which strongly inhibit IAA 
transport (31). They confirmed previous experiments invo1ving I.AA 
transport and found that TIBA inhibited the exit phase of auxin trans­
port. They reported that inhibition of the entry was 1/1000 that of 
the exit. 
Burton and .Curley (7) reported in 1966 that a spray application 
of TIBA on soybeans increased branching, reduced rlant height, 
· shortened leaf petioles, and produced a conical shaped row profile. 
Although pod numbers were increased, yield was not affected. 
In many plants IAA is produced at the apex and must be translo­
cated to many sites where it influences growth and differentiation in 
the shoot. The translocation of auxin, like that of other organic 
molecules, can not be attributed to diffusion or purely.physical 
processes; it requires the presence of living cells (13, 32). The 
movement of IAA differs from the translocation of other organic sub­
stances in that it occurs predominantly from the apex to the base of 
the shoot. This is not just a reflection of auxin production at the 
apex, since it has been shown that even when auxin is supplied at the 
base of an Avena coleoptile section it cannot be collected at the 
apex (22).· Therefore, movement or transport of I.AA is polar. This 
transport can usually be distinguished from other types of movements 
because it is A) polar, B) at least to some extent independent of the 
concentration gradient, C) relatively rapid, and D) inhibited by 
various metabolic inhibitors and specific transport inhibitors (13)9 
During transport LAA is subjected to enzymatic destruction and 
immobilization (11, lu). 
Hertel and Leopold (18) have reported that transport takes place 
in parenchyma� They describe transport as being an active secretion 
from cell to cell with structures necessary for this secretion distrib­
uted in a polar and stable manner within the cell at the plasma mem­
brane. This polar structural arrangement would explain the stable 
aspect of polar transport. 
4 
Goldsmith (13) has suggested that aerobic metabolism is necessary 
for transport of IAA within a stem section as well as uptake and exit 
at the ends of the section, the energy being derived from glycolysis. 
She suggests that IAA moves laterally in the stem by diffusion. 
. . 
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It has been suggested that activity as a growth regulator requires 
two free positions para to one another (23). Other authors have 
suggested that activity requires one free position ortho to the 
carboxyl (15, 16, 29, 30). Thimann (35) has ·reported that, while 
neither of the two rules is consistant with all the facts, some evi-
dence favors each. 
McRae and Bonner (28) have SUfgested that an auxin molecule under­
goes attach�ent at the appropriate site within the plant mainly through 
the carboxyl group but also through substitution at the reactive ortho 
position. Removal of either group converts the molecule into an effec­
tive antiauxin. Their kinetic analysis suggests that the antiauxin 
molecule exerts its effect by one point attachment at the respective 
site, thereby blocki�� the completion of two point attachment by 
active auxin molecules. 
Muir and Hansch (29) have reported that for a compound to be 
active as a growth regulator A) an unsaturated ring must be present, 
B) a carboxyl group or a group capable of conversion to a carboxyl 
group such as an ester or nitrile must be present, and C) at least one 
of the positions on the ring ortho to the point of attachment of the 
carboxyl group must be capable of _a reaction with an electron-rich 
plant substrate. 
Galston (ll)_ has found the end product of IAA oxidation to be 
3-methylene ox indole, which would indicate that position 2 meets the 
criterion of C given above. Figure 1 shows the similarity between 















3-Methylene Ox Indole 
Figure 1. Active sites of IAA and TIBA. 
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The auxin-receptor complex has two active sites, the carboxyl 
attaching itself to the first site and the ortho attaching itself to 
the second site (5). By filling one or both sites TIBA would be 
acting a.s a competitive inhibitor or antiauxin. 
Leopold and Price (25) have suggested that TIBA may interfere 
with the acyl_ transfer functions of Co.A through reaction with the 
sulphydryl group of the coenzyme. Keitt and Baker (21) have added 
support to this theory by reporti.ng TIBA to be a sulphydryl binder 
decreasing the amount of IAA reaching the basal end of the section of 
tobacco pith. 
Thornton and Thimann (37) have suggested that the twisting and 
curving of a stem treated with an auxin inhibitor is probably due to 
the same mechanism involved in the light auxin response. A transport 
enzyme may be involved here. The continued production of auxin at the 
apex would cause the auxin to pile up in the affected areas causing 
uneven growth in the stem. 
7 
Two contemporary: theories exist concerning the act;on of LAA (11) . 
One suggests that I.AA reacts with a repressor substance which masks the 
activity of.a gene. The second theory implies that IP.A combines with 
transfer RNA, thereby affecting the proteins being produced. 
METHODS .AND MATE.RIA IS 
Greenhouse experiments were conducted during the winter of 1965-
1966 in an attempt to duplicate results reported by Holden (20). Flax 
plants, variety Summit, were gro�m in venniculite in one-quart glazed 
earthenware pots and watered with Hoagland solution (27). Plants were 
sprayed with 300 ppm TIBA (Tables 1 and 2). Control plants were 
sprayed with all ingredients except TIBA. Data collected included: 
terminal bolls, lateral bolls, terminal seeds, lateral seeds, total 
bolls,_ total seeds, bolls per plant, seeds per plant, and seeds per 
bollo 
8 
During the winter of 1966-1967, a preliminary experiment was 
carried out in the greenhouse involving application of TIBA to flax 
through the roots. Plants were grown in vermiculite and sand and 
watered with Hoagland solution. TIBA was added to the Hoagland solution 
at 1 week and 6 weeks after planting. T1ne fallowing concentratipns of 
TIBA were used: 0 ppm, 0.001 ppm, 0.01 ppm, 0.1 ppm, 1 ppm, and 10 ppm. 
A field experiment was designed to investigate the,breakage of 
lateral bud dormancy under field conditions and determine the resultant 
effect-on yield. A field nursery was grown at Brookings, South Dakota 
in 1966. The soil was classified as Vienna loam, a well drained soil 
developed from loam textured glacial till (39) . Two varieties of flax, 
Summit and CI 2292, were seeded in a randomized complete block de.sign 
with four replications. Each plot consisted of four rows lh feet long 
with 12 inches between rows. Each week, starting at 3 weeks after 
planting and ending 10 weeks after planting, plots were sprayed to the 
po-int of runoff with O ppm, 10 ppm ., 100 ppm, and 300 ppm TIB.A (Tables 1 
and 2). Plots were sprayed only once and with only one rate. Prior 
to harvest two 2-foot sections were measured and staked in each plot. 
Stand counts were made and the number of plants per unit area kept 
approximately equal to minimize·the effect of stand on yield and its 
components as· reported by Albrechtsen (1). ' 
At maturity the 2-foot sections were harvested separately and the 
following data taken on each sample: stand; terminal, lateral, total 
bolls (bolls per unit area); seed yield (grams per unit area); seed 
weight (grams per 200 seeds); oil content; iodine value; and tillers 
per unit area. Height, first bloom, full bloom, maturity, and lodging 
were recorded on a plot basis. Oil content and iodine value were 
determined on samples weighing 1.1 grams to lo3 grams using the small 
sample method (9)o Bolls per plant, seeds per boll, and oil yield 
were computed from the data collected. 
9 
A generalized analysis of variance was computed for each character 
studied, and correlation coefficients were computed between all possible 
combinations of characters. Correlations between total bolls and its 
components were partitioned into their direct and indirect effects by 
means of path coefficient analysis as outlined by Li (26) . Path 
coefficient analyses were also computed for seed yield and its 
components and oil yield and its components. Significance within dates 
for each level of TIBA was determined by means of Dunnett 1 s t test as 
outlined in Steel an_d Torrie ( 3h) � 
Table 1. TIBA Stock Solutions. 




1. 0 10.0 
Table 2. Formulation of Field Solutions. 
Dissolved in 1 Liter of Water. 
Component 0 ppm 10 ppm 100 ppm 300 ppm 
Stock 1 10 ml 
Stock 2 10 ml 
, Stock 3 10 ml 
Sal Soda 0.1 g --0.1 g 0.1 g 0.1 g 
Tween 20 0.5 g o.5 g 0.5 g 0.5 g 
Ethanol 10 ml 
10 
RESULTS 
The preliminary greenhouse experiments conducted in 1965-1966 
dupl;icated Holden ' s (20) previous results 8 S  pointed out in Figure 2. 
The application of TIBA just after full bloom resulted in a large 
number of lateral buds breaking their dormancy and developing into 
branches. Dissection of the branch tips revealed a flower pr:i.mordium 
11 
on each branch, . but few of the branches flowered • . Only a small percent­
age of those that did flower produced bolls containing seedso 
:F'igu�.e. 2. c·ontrol (left) vs . treatment ( right) showing 
.formation of lateral branches as a result of 
TIBA treatment. 
In another preliminary experiment involving root application of 
TIBA, 0.01 ppm, 0.l ppm, and 1 ppm TIBA increased plant height signi­
ficantly over the control. Figure 3 shows smaller leaves produced 
near the tip of the plant after the second application of 0.1 ppm 
TIBA. Few lateral buds were broken, and there was no significant 
yield increase. 
Figure 3. Smaller leaves produced as 
a result of translocation 
of TIBA � 
12 
. Apical dominance is characterized by little branching and 
growth in an upright position wi�h little horizontal growth. The 
results of the field experiment show that apical· dominance .is 
inhibited when the plant is treated with a high rate of TIBA at . a 
particular time. In this exper.iment 10 PP1:1 TIBA had little effect on 
the plant or yield, while 100 ppm and 300 ppm TIBA had similar effects 
except that the 300 ppm effects were express�.d to a greater degree. . . . 
13 
It was found that trea��ent at three and four weeks after 
planting temporarily stopped growth of the plant. Figures 4 and 5 
point out the height of -the plant .when it was treated (point of 
inhibition) , and Figure 6 shows the leaves fused _ at the tip ( fasciation) 
with a callus-like growth forming on the stem just under the apex. � . . - . . . . ' � 
After about ten days the plant recovered and resumed normal growth 
but never reached th� heigh� of the contra� . Figure 7 points out 
the effect of this treatment on the plot as a whole. 
!=OUTH DAKOTA STATE UNIYeRSITY LIBRA Y 
Figure 4. Control (A) vs . · treatment 
( B) with 300 ppm TIBA at 
3 weeks after planting . 
Figure 5 .  Summit (A) · vs � C I  2292 . (B) . 
Both treated with 300 ppm 





Figure 6. Fasciation of leaves as a result 
of treatment with 300 ppm TIBA 
at 3 weeks after planting. 
Figure 7. Control (right) vs . treatment 
- (left) with 300 ppm TIBA at 
4 weeks after planting . 
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Treatment at five weeks after planting slowed the growth of 
the plant but did not stop it. For· about 10 days after treatment,. 
-the plant grew very little in height and produced small leaves. This 
same effect was produced in the root experiment as shown in  Figure 3. 
After this period of inhibition the pla?t recovered a nd grew normally 
producing normal sized leaves. Maturity was delayed about two weeks 
as illustrated in Figure 8. 
Figure _ B • . Control (left) vs. treatment ( right) 
with ,300 ppm TIBA at 5 weeks after 
planting. 
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Treatment at s ix weeks after planting caused twisting of the top 
half of the plant. Plant height was reduced, and as shown in Figure 9 
the twisting of the plant caused considerable lodging within the plot. 
About one-third of the terminal flowers were sterile, and a majority 
of the terminal bolls contained no seed. Numerous lateral buds were 
broken as shown in Figures 10 and 11, but only a few produced bolls. 
Figure 9. Lodging of flax as a result of 
treatment with 300 ppm TIBA at 
6 weeks after planting. 
17 
Figure 10. Control (A) · vs.· · treatment 
(B) with 300 'ppm TIBA at 
6 weeks after planting. 
Figure 11. Summit (.A) . v�f �· CI2292 
(B) . · Both treated with 
'300 ppm TIBA at 6 weeks 
after planting. � 
Figures 12 and 13 show that treatment at 7 weeks after 
planting greatly increased branching and caused some twising of the 
terminal branches. A few of the lateral branches produced bolls; 
some contained seed and others did not. Most of the lateral branches 
did not flower, but dissection of these branches revealed at least 
one flower primordium at the tip of each branch. 
Figure 12. Treatment with _300 ppm 
TIBA at 7 weeks after 
planting resulted in 
many lateral branches . 
19 
Figure 13. Control (A) vs. treatment 
(B) with 300 ppm TIBA at 
7 weeks after planting. 
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As shown in Figure lh, some of the terminal flowers were 
abnormal. While this type of abnormal flower was fertile, many of 
the flowers on the lateral branches resembled flowers infected with 
aster yellows and were sterile . This substantiates results previously 
reported by Holden (19 ) concerning flower formation. 
Figure 14 • .Abnormal flowers resulted from 
the application of JOO ppm TIBA 
at 7 weeks after planting. 
Treatment at 8 weeks after planting caused only a few lateral 
buds near the top of the plant to break their dormancy, and most of 
the resulting bolls contained seed. There was also some twisting of 
the terminal branches which caused the top of the plant to spread 
out into a canopy effect as shown in Figure 15. 
21 
Figure 15 . Canopy formed in flax treated with 
300 ppm TIBA at 8 weeks after 
planting . 
Treatment at 9 and 10 weeks after planting produced no observ­
able effect on the plants except that a few lateral buds broke their 
dormancy on some plants . 
Table 3 shows the analysis of variance of what were considered 
the primary variables of the experiment . Significant differences 
of the trea tments from the control within dates were tested by the 
use of Dum1ett ' s t test and are shown in Tables Li through 9 .  The 
figures in these tables are mean values sw.rned over replications 
and varieties . 
The analysis of variance and means of the· other variables are 
presented in the appendix in Tables 13 through 28 . Correlations 
between all possible combinations of characters studied are given in 
·Tables 29 and 30 . 
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Table 3 . Analysis of Variance (Mean Squares) for Lateral Bolls, Terminal Bolls, 
Total Bolls , Seed Yieldl Tillers, and Seed Weight. 
Lateral Terminal Totc1I . Seed Seed 
Source DF Bolls Bolls Bolls Yield Tillers Weight 
Varieties ( V) 1 825 . 2 256954 .91B'r 2 79 705 .J 2 754 .J.r�H�- 12610 .  7➔�- . L2 73-�:-
Levels (L) 3 J15 7 .5➔H:- 496668 .6-lH} 426823 . 2-rrl:- 962 .8�H:- 7868 .O�H� .0366-� 
VL 3 309 00 24831. 3 22026 .2  61 .6*·� 233.0 o00.51i 
Dates, ( D) 7 1622 .�Hr 13460 7 .H�r 131059 .5�:- 203 .1-Mf 2 215 .h,H�- .0.5 71*1(-
VD 7 161.9 9206 . 3 8482 .6 31.s 31+1. 7* .0011 
LD 21 656 .o-,�  6 7868 • ):,H:- 67333. 8➔8:- 107.&h'i- 1217  . J➔Hr e026cnH{-
VLD 21 100 .9 20972 . 3 21180 .9 37 0 ?➔:- 169 .4 .0056 
➔} Significant at .� level 




The mean squares from Table 3 point out that all characters 
showed a significant response to levels of TIBA , dat�s of application, 
and level-date interaction . Terminal bolls, s eed yield, tillers , and 
seed weight showed a significant varietal response. Characters differed 
in the other interaction components. 
As shown by Figure 16 and Table 4 there was a significant increase 
in the number of lateral bolls produced when the plants were treated 
with 100 ppm and 300 ppm TIBA at 6-and 7 weeks after planting. Treat­
ment at other dates had no significant affect on formation of lateral 
bolls. Table 5 points out that 100 ppm TIBA significantly decreased 
the terminal bolls at 4 weeks after planting. It was found that 
300 ppm TIBA s ignificantly decreased terminal boll production at 3-, 
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Figure 16. Ratio of lateral bolls to terminal bolls plotted 
against tL�e of treatment. 
10 
2, 
Table 4 .  Lateral Bolls Per 2-foot Section. 
Level of TIB.A 
Weeks 
after O . ppm 
Planting 
10 ppm 100 . ppm 300 ppm 
3 1. 0 � 7, 3. 3  2 .6 
4 .9 1. 3 4.4 2 .9 
, . 2.9 u.1  a .o u.9 
6 .3  1.8 22.0a 25. 9a 
1 .9 3.1 17.ha 37.la  
8 . 1  1. 3 4.4 8.6 
9 1 .4 .6 2. 3 2 .9 
10  1.s 1.6 3.9 6 .o 
a Signific�ntly Different from Control 
Table .5. Terminal Bolls Per 2-foot Section. 
Level of TIB.A 
Weeks 
after 0 ppm 10. ppm 100 ppm 300 ppm 
· Planting 
3 770.4 758.o 644 .1 611.oa 
4 778.9 751.1 634. 7a 512.6a 
5 779. 3 . 728 .1 701.8 562. Ba 
6 744. 3 1ss . s" 627. 7  419.Ba 
7 796. 8 767 • .5 704.6 694.6 
8 737. 7 7h9.9 812.8 766.8 
9 769.8 758.h 776. 7 738.6 
10 761.5 778.5 719. 0 749.6 
a Significantly Different from Control 
. 26 
. A consideration of Figure 17 and Table 6 indicates that the 
total number of bolls produced per unit area decreased significantly 
when TIBA was applied at high concentrations before the 7 week period. 
When applied at 7 weeks after planting or later, TIBA had no significant 
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Figure 1 7. Total bolls per 2-foot section plotted . 
against time of . treatment . 
9 10 
27 
.Table 6. Total Bolls Per 2-foot Section. 
Level of TIBA 
Weeks 
after . 0 ppm 10 ppm 100 ppm 300 ppm 
Planting 
3 770. 7 758. 7 647. 3 619.6a 
4 778.9 752 .3  639.1 515.5a 
5 782.1 732.2 709.8 568.9a 
6 744..5 78 7.6 650.3  438. 7a 
7 797. 7 T/6.6 722.0 731 .. 7 
8 738.4 , 751. 3 817.3  775.3  
9 771.1 758.9 779.0 741.5 
10 763.0 780.1 722.9 755.6 
a Significantly Dirrerent from Control 
High levels of TIBA applied before first bloom had a detrimental 
effect on yield as pointed out in Table 7 and Figure 18. All reductions 
in yield produced by the JJO ppm level before first bloom were 
. ----
significant. 100 ppm TIBA produced a significant reduction at 5-, 6-, 





Table 1. Yield in Grams Per 2-foot Section. 
Level of TIBA 
Weeks 
after 0 ppm 10 ppm 100 ppm JOO ppm 
Planting 
3 18 .38 17. 42 1L . h4 14 .lBa 
4 17.32 17.61 13.9h 9. 11a 
5 18 .8h 16 . 70 13 .83a 8 . 80a 
6 17 .54 19 .01 11.93a 4 . 81a 
7 17 .86 16.65 10 .58a 6 • .5 7a 
8 16.07 17.08 17 .19 i5 .82 
9 17. 84 16.87 17 . 72 17 .47 
10 17.90 17.89 16.54 17.60 
a Significantly Different from Control 
00 =--- - -- - ---....___ __ I 300 --. 
� -- _J 
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Figure 18 .  Yield in Grams Per 2-foot Section Plotted 




Figure 19 and Table 8 show that 100 ppm and 300 ppm TIBA applied 
before 1st bloom increased the number of tillers produced. At 3 weeks 
and 6 weeks after planting both level� significantly increased tillering . 
At 5 weeks after planting til�ering was increased significantly only 
by the 300 ppm level. \vhile tillering was increased at other dates, 
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Figure 19. Tillers per 2-foot· section plotted against time 
of treatment • . 
10 
Table 8. Tillers Per 2-foot Section. 
Level of TIBA 
Weeks 
after 0 ppm 10 ppm 100 ppm· 300 ppm 
Planting 
3" 17.86 12.31 34.94a 55.13a 
4 20. 75 17. 88 21.00 28.19 
5 16 . 44 23.19 22.88 45.00a 
6 16.50 17.06 34. Jla 58.63a 
1 22. 44 14.56 19.19 34.56 
8 18.13 16.63 14.94 19.hh 
9 16.69 16.38 19.25 13.63 
10 19.31 16.63 16.06 19.31 
a Significantly Different from Control 
Figure 20 and Table 9 point out another detrimental effect of 
high rates of TIBA at certain dates. At  7 weeks after planting all 
�evels of TIBA significantly decreased seed weight. 300 ppm TIBA 
also decreased seed weight at 6- and 8 weeks after planting. 
30 
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Weeks after Planting 
Figure 20. Seed weight per 200 seeds. 
Table 9. Seed Weight Per 200 Seeds. 
Level of TIBA 
Weeks 
after 0 ppm 10 ppm 100 ppm JOO ppm 
Planting 
3 .947 .888 .950 . 9.59 
4· .908 .917 .922 .961 
s .921 .9-30 .91.h .932 
6 .939 .923 .919 .832a  
1 .956 .884a • 787a . ?SJa 
8 .894 .898 .889 . BJJa 
9 .932 .913 .899 .9lh 
10  .891 .924 .885 · . 893 
a Significantly Different from Control 
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Table 10 shows a partitioning of correlations between total 
bolls and its components into their direct and indirect effects 
by the use of path c oefficient analysis . Terminal bolls showed a 
high correlation with total bolls and had a large direct effect upon 
it after removal of the influence of latera l  bolls . La teral bolls 
showed a negative c orrelation with and had little direct effect upon 
total bolls . 
Table 10 . Path Coefficient Analysis of the Influence 
of Terminal Bolls and Lateral Bolls upon 
Total Bolls . 
Type of Influence 
Terminal Bolls 
Direct Effect 








- . 017 
-. 2h2 
- .172� 
Coefficient of Determination .999 
�-�Significant a t  oOl level 
32 
Table 11 shows a partitioning of correlations between seed 
yield and four of its components into their direct and indirect 
effects. Seeds per b?ll showed the largest correlation with seed 
yield and had the _ great�st _direct effect upon it after removal -of the 
influence of all other variables included in the analysis. Tenninal 
bolls showed the �econd �argest direct effec� followed by seed weight 
and lateral bolls. All_ c?�re�ations were highly ��gnificant, but the 
correlation between seed yield and lateral bolls was negative •. 
A path coefficient analysis of the influence of five components 
upon oil yield is given in Table_l2. Seeds per boll had the greatest 
direct effect and showed the largest correlation followed by terminal 
bolls, seed weight, oil content, and lateral bolls respectively. All 
correlations were highly significant, while lateral bolls showed a 
negative _correlation. 
Only the primary variables and their correlations have been 
considered in the path coefficient analysis. All other correlations 
are given in the .appendix in Tables 28 and 29. 
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Table 11. Path Coefficient Analysis of the Influence · of 
Terminal Bolls, Lateral Bolls, Seed Weight, 
and Seeds Per Boll upon Seed Yield. 
Type of Influence Phenotypic Value 
Terminal Bolls 
Direct Effect .. 502 
Via Lateral Bolls -.010 
Via Seed Weight .007  
Via Seeds Per Boll .137 
Total Correlation .6.35* 
Lateral Bolls 
Direct Ei'fect .043 
Via Terminal Boils � �120 
Via Seed Weight ;_ �069 
Via Seeds Per Boll -.266 
Total Correlation -.hll� 
· Seed Weight 
Direct Effect .277 
Via Terminal Bolls �016 
Via Lateral Bolls - �013 
Via Seeds Per Boll .256 
Total Correlation .486a 
- Seeds Per Boll 
Direct Effect ----- .637 
Via Terminal Bolls .108 
Via Lateral Bolls -.018 
Via Seed Weight .091 
Total Correlation .818-r.� 
Coefficient of Determination .993 · 
� Significant at . 01 level 
.34 
Table 12. Path Coefficient Analysis of the Influence of 
Terminal Bolls, Lateral Bolls, Seed Weight, 
· oil Content, and Seeds Per Boll upon Oil Yield. 
Type of Influence Phenotypic Value 
Terminal Bolls 
Direct Effect 
Via Lateral Bolls 
Via Seed Weight 
· Via Oil Content 




Via Terminal Bolls 
Via Seed Weight 
Via Oil Content 




Via Terminal Bolls 
Via Lateral Bolls 
Via Oil Content 




Via Terminal Bolls 
Via Lateral Bolls 
Via Seed Tdeigh.t 
Via Seeds Per Boll 
Total Correlation 
Seeds Per Boll 
Direct Effect 
Via Terminal Bolls 
Via Lateral Bolls 
Via Seed \.Jei?ht 





• .577  
Coefficient of Determination .932 
























The experiment involving the application of TIBA to flax through 
the roots was conducted to determine the effect of root-applied TIBA 
on the plant and to see if root-applied TIBA would be translocated. 
· The results indicated that the TIBA is translocated as pointed out 
in Figure 3 and suggested that the effect of root-applied TIBA o n  
apical dominance is nearly the same as TIBA applied in a spray. 
The difference in height can probably be attributed to the greater 
root development of the plants treated with 0.01 ppm, O.l ppm and 
1 ppm TIBA. Since the effects of the two methods of application are 
nearly the same, it may not be worthwhile to continue testing· the 
effects of root-applied TIBA on flax unless it is desired to devise 
a method of mixing the TIBA with a fertilizer. 
From the results of the field experiment it is evident that 
high concentrations of TIBA inhibit apical dominance. The greatest 
inhibition occurs in young seedlings when the concentration of IAA 
is quite high. After the �lant has pr�duced seeds, TIBA has little 
effect on apical dominance. This �is probably due to the fact that 
the. plant is no longer growing and, therefore, is not producing IAA . 
As pointed out in Table h, the ideal time to apply TTBA and receive 
a significant increase in lateral bolls is somewhere between 6- and 
_ 8 weeks after planting or just  prior to first bloom. At this time 
the plant is still growing but not vigorously; consequently, the 
conce.ntration of IAA is low and apical dominance can be inhibited 
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in such a way that the lateral buds break their dormancy. 
Resul ts from the greenhouse experLments indicate the best 
tLme for application to be just after full bloom. While the results 
of the field experiment conflict with these results, it should be 
noted that weather conditions were not favorable in the sum.mer . of 
1966 durir.ig this period (33) . The high temperatures and drought 
probably caused the plants to s top growing sooner than they would 
have had the climatic conditions been normal. It, therefore, can 
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be assumed that under normal conditions a signifiqant number of 
lateral buds would break their dormancy at this time and produce bolls. 
Comparing Tables 4, 5 ,  and 6 points out that the increase in 
lateral bolls produced at  6 weeks after planting was not enough 
to overcome the reduction in terminal bolls. However, at 7 weeks 
after planting there was not a significant decrease in terminal 
bolls; therefore, any significant contribution by lateral bolls 
would be beneficial. 
Attention is directed in Tables 6 and 7 to the significant 
yield reduction from treatment at 7 weeks after planting without a 
significant reduction in total bolls. This resulted from the large 
number · or abortive bolls containing no seed. Many flowers in the 
primordial stage at the time TIBA was applied were made sterile by 
the sudden hormone -imbalance. There was no significant yield reduction 
from treatment at 8 weeks after planting. At this time most of the 
flowers were past the primordial stage and, consequently, were not 
affected by any change in hormone balance. · 
Considering the flower sterility induced by the application of TIBA , 
the best time for application appears to be just after full bloom. 
In this investigation two varieties of flax were used to compare 
the effects of TIBA on early maturing and late maturing flax. Summit 
was chosen as the early maturing variety and CI  2292 was chosen as 
the late maturing variety. From the analysis of variance and means 
given in the appendix, it is indicated that Summit not only produced 
more terminal bolls than CI 2292 but also produced more lateral bolls. 
More testing is needed, however, before any conclusions can be drawn 
concerning which variety shows the best response to TIBA. It is 
suggested that a number of varieties should be tested to explore the 
possibility of some varieties being more responsive to TIBA treatment 
than others. 
Comparing the yield of the two varieties shows that CI 2292 had 
· a much higher yield than Summit o .P,l though there are no data to 
substantiate it, this is probably due to a higher rate of sterility 
in flowers of s��mi t.  
This experiment was conducted in what is  probably the southern 
part of the flax belt. It should be considered that cooler tempera­
tures than are present at this location may be necessary for a 
favorable response to TIBA treatment. It is therefore suggested that 
38 
a number of locations should be used in testing TIBA in order that 
optimum growing conditions may be met. Locations should span a 
wide area and take in the extremes of the flax growing area. At the ­
present time an experiment involving the application of TIBA to flax 
grown under different temperatures and daylengths is being conducted 
in the Botany Department. Temperatures and daylengths being used 
coincide with those found in the northern, centr81, and southern 
parts of the flax producing area of the midwestern United States and 
Canada. 
It is also indicated in the analysis of variance and means in 
_ the appendix that maturity of flax is delayed when it is treated with 
TIBA before flowering• It was found that when ,300 ppm TIBA was 
applied before flowering, maturity was delayed almost three weeks. 
Normally flax matures before the end of the growing season and a 
delay in maturity such as this could be a distinct advantage since 
more of the growing season would be utilized. The results could 
possibly be an increase · in yield due to the longer period for food 
production by the leaves. 
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CONCLUS IONS 
On the basis of the data presented in this investigation, the 
following conclusions were drawn: 
1 .  TIRA inhibited apical dominance in flax by reducing the 
height of the plants and breaking lateral bud dormancy. 
2. When applied through the roots, TIE.A was translocated to the 
tip of the plant where it inhibited apical dominance in a manner 
similar to foliar-applied TIBA. 
3. TIBA treatment broke more lateral buds in Summit flax than 
in CI 2292 flax. 
h .  There was a significant · increase in lateral bolls produced 
in flax treated with TIBA . 
5 . Maturity was delayed in flax when TIB.A was applied before 
· flowering. 
6 0  High concentrations of TIBA applied during the development 
of flower primordia caused many abortive bolls . 
7. Treatment of flax with high concentrations of TIBA before 
flowering significantly reduced total bolls and seed yield. 
8. High concentrations of TIBA reduced the yield more in Su.-rnmit 
flax than in CI  2292. 
9. Timing of· treatment was critical for the largest amount 
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APPENDIX 
Table 1,3. Analysis of Variance (Mean Squares) for Stand, Height, 
First Bloom, Full Bloom1 Maturity, and Lodging. F'irst F'ull 
Source DF · Stand Height Bloom Bloom Maturity 
V a.rieties ( V) 1 221. 8 21.h-��➔i- 91.l.fH�- 9 7  .5-r.-�- 3122 .rnH', 
Levels (L) 3 62 .6 8 3 .0��- 1.7 .3 13.51. 8-?H'<" 
VL 3 39 . 3  1.1 .9* . .3 lJO . J�Ht 
Dates (D) 7 28.1 37 . s��- l.l➔H� .h>-� 250 .l?H� 
VD 7 29 .0 1.9 .h .2 h5 lf' " . ,"/,-,, 
LD 21 uo.2  8 .6>,Hr .9,Hr .6➔H} 99 .BHr 
VLD 21 12. 7  .5 .h�-¾- .3 16 .3 
➔} Significant at .05 level 
>,:-* Significant at .01 level 
Lodging 
4 .0 
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Table 14. Analysis of Variance (Mean · squares) for Oil Content, 








Per Plant Per Boll 
Varieties (V) 1 1017.0*1:- 4146.2-�* lO ol 2L.2 .o-�"-),_ 
Levels (L) 3 
VL 3 






4 7jf V . ,�'\ 
u .8-�h't-
l .  1-H->'-l..l. 0 J� I\ 
2 .4-r.-r, 
* Significant at�.05 level 
➔H� Significant at .Ol level 
86.0-}H( 196 .3-r--
5 .3 14. 2➔( 
60 e4J,H� 81.6-r.-
18.8 8.9 
li 7 .1-:�-r, 37 ol-}H(-
25.l 17.3 
27.  7-r.�( 
1.91( 
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Table 15 .  Stand: Plants Per 2-foot Section. 
Level of TIE.A 
Weeks 
after 0 ppm 10 ppm · 100 ppm 300 ppm 
Planting 
3 45 . 3  48. 3 43.8 42 .1 
4 L5 . 3  47. 3 41.8 45 .8 
5 45 . 8  46. 8 47.0 45 .6 
6 45 .9 47. 7 46 .o 47.4 
1 45 . 3  L4.5  45 .6 46.4  
8 46 .5 45. 8  45 .9  4L .3  
9 43.9 47.0 44. 4  47.2  
10 42--.-8 45 .6 h1.1 4L .4 
Table 16 . Height Measured in Inches �  
Level of TIBA 
Weeks 
after 0 ppm 10 ppm 100 ppm 300 ppm 
Planting 
3 22 .8  23.5 21 .Sa 19 .0a 
4 22 . 8  22 .9 21 . ha 18 .9a 
5 23.0 21 •. 8 19 .9a 18 .9a 
6 23.0 22 .4  18 .8a 18 . la 
7 23. 5 23.6 22 . 4 21 . 9a 
8 23 .8  · 22 .9  · 23.0 22 . 8  
9 23.1  . 23 .h  22 .9 23 .1  
10. 23.0 23 .4 23 .4  23 .1  
a Significantly Different from Control 
Table 17. 
Weeks 
First Bloom: Days from Jan. 
Leve! of TIBA 
1. 
after 0 ppm 10 ppm 100 ppm 300 ppm 
Planting 
3 175.6 














175.9  176.3 
176.5a 
176.6a • · . 
176.4a 
175. 8 




a Significantly Different from Control 
Table 18. Full Bloom:. Days from Jan. 1. 
Level of TIR� 
Weeks 
after 0 ppn 10 ppm 100 ppm 300 ppm 
Planting 
3 1ao.5 180.9 181. Ja 181.Sa 
4 180.6 180.9  181.2a 181.1 
5 180. 8 181.J 181.0 181.1 
6 180.9 1Bo.9  1�1.1 180.3 
7 180.8 180.6 181.0 180.5 
8 180.9 180.9  180.6 180.9 
9 181.3 180.8 181.0 180.9 
10 181.0 181.0 180.9 180.8 
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Maturity: · . Dais from Jan. 1 .  
Levels of TIBA 
0 ppm . 10 ppm 100 ppm 300 ppm 
209.0 210.9 217.Ba 226.3a 
209.0 210 .. 9 218.Sa 227.5a 
209.0 210.h 215.6a 225.Sa 
210.3 210.3 214.9 226.Ja 
209.6 209.6 210.u 213.6 
209.0 210.9 212.3 214.ha 
209.0 209.0 211.0 210.L. 
209.B 209.6 210.3 211.6 
·a Significantly Different from Control 
Table 20. Lodging: 1.0 is Standin�. 
Levels of TIBA 
Weeks 
after 0 ppm 10 ppm 100 ppm 300 ppm Plantin� 
3 1.1 1.1 1.3 1.4 
b 1.0 1. 0 1.1 _l . 4  
s 1.0 1.1 l .h 1.5 
6 1.3 1.1 2.la 4.0a 
7 1.1 1.1 1., 2. 3a 
8 1.1 1.1 1.4 1.3 
9 1.1 1. 3 1.0 1. 1 
10 1. 3 · 1.1 1.1 1.0 
a Significantly Different from Control 
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Table 21. Percent Oil Content . 
Level of TIB.A 
Weeks 
after· 0 ppm 10 ppm 100 ppm 300 ppm 
Planting 
3 37. 2  37.2  37. 9  38.0 
4 36.8 36.9 37. 8a 37. 8a 
5 36.7  37. 0 37.5 31. Ba 
6 37. 3 37.1 37.9 36.6 
7 36. 7 37.0 38.5a 37. 7a 
8 36.5 37. 3 38.6a 39.4a 
9 37. 0  36.6 37.4 37.9 
10 37.:J. 37.1 37. 0  37. 3 
a Significantly Different from Control 
Table 22. Iodine Value 
Level of TIBA 
Weeks 
after 0 ppm 10 ppm 100 ppm JOO ppm 
Planting 
3 179.8  178.9 181.4 182.4a 
4 178.1 179. 3 180.6a 180.1  
, 1 78 -; 9  181.8 180.4 1 77.5 
6 180.8  179.4 179.6 174� 2a 
1 179.3 179 • .3 178. 8 173.ha 
8 1 78.2 180.1 178.5- 177. 7  
9 179.4 178. 3 178. 1 177.6 
10 179. 7 180.6 178.9 180.3 
a Significantly Different from Control 
- -
· h9 
Table 23. Bolls Per Plant. 
Level of TIBA 
Weeks 

















15.9 . 15.1  
15.9  1, . 7  
15.8 15. 3 
16. 7  14.4 
17. 4 16.1 
16 .5 18.0 
16 .2· 17 .9 








a Significantly Different from Control 
Table 2h. · Seeps Per Boll. 
Level of TIBA 
Weeks 
after _ O ppm 10 ppm 100 ppm JOO ppm 
Planting 
3 4.9 s .1 4 .8 4 .9  
4 4 .9  5. 1 4 . 8 3 . 9  
s ,.1 - 4�9  4 .3 3. Ja 
6 4.9  5. 2 3.9 2 .6a 
7 4 .6  4 .9 3. 8 2 . 3a 
8 L. . 8  s .1 4 .8 4 . 8 
9 5:.1 L.9  4.9- s . 2  
10 5 . 3 5 .1 5 . 3  .5 . 3  
a Significantly Different from .Control 
so 
Table 25. Oil Yield in Grams Per 
2-foot Section . 
Level of TIBA 
Weeks 
after 0 ppm 10 ppm 100 ppm 300 ppm 
Planti� 
3 6.9 6.6 , .5 5.4 
4 6 .4 6 .5 5.3 J. 7a 
_ 5 _ _  7.0  6 . 2  s.2 3.3a 
6 6 .6 7.1 4 .5 1.Ba 
· ,· 7 6.6 6 . 2  4 .la 2 .5a 
8 5 .9 6. h 6. 7 6 . 2  
9 6.6 6.2  6. 7 6 . 7  
10 6. 7 6 . 7 6 .2 6.6 
a Significantly Different from Control 
Table 26. Levels of TIBA. · Characters Summed 










Level of TIBA 
O ppm 10 ppm lOO ppm 300 ppm 
23.l  23. 0  21.6a 20. 7a 
115.9 116.0 116 . 3  176. 0 
180.8 180.9 181.0 180.9  
209. 3 210.2 213 . 8  219.ha 
1.1 1.1 1 . L.  
18.5 16.8 22.8 J4.2a 







1.2 1.8 8.2 
768 .3 761. 4 710.9 643. 3 
.92 .91 
17 . 7 11.4  14.S 




179. 3 179. 7 179.5 1 77.9 
Bolls Per Plant 17 .4 16 .4 16.o 11.4 
Seeds Per Boll 
Oil Yield 
5 .0 5.0 
6.6  6 .5 
a Significantly Different from Control 
52 
Table 2 7. Varietal Means; Summed over 
Replications, Levels , and Dates . 
Characters Summit CI 2292 Total 
Stand 46 o2 
Height 21 .8  
First Bloom 175 oh 
Full Bloom 180.3 
Maturity · 209. 7 
Lodging 1.5 
Tillers 18.l  
Terminal Bolls 738 .0 
Lateral Bolls 6.9 
Total Bolls 7hh .h 
Seed Weight .87 
Seed Yield 13.1 
Oil Content 36.0 
Iodine Value 176 .3 
Bo lls Per Plant 16.2  
Seeds Per Boll 4 .0 






































Table 28 . Dates of Application � . Characters Summed over Replications , . Varieties and Levels . 
Character 3 
Stand 44 .9  
Height 21. 7 
First Bloom 176 .3 
Full Bloom 181 .. 0 
Maturity 216.0 
Lodg ing 1 .2  
Tillers 30.1  
Terminal Bolls 697.4  
. .  
Lateral Bolls 1.9 
Total Bolls 699 .1 
Seed Weight • 94 
Seed . Yield 16.1 
Oil Content 37.6  
Iodine Value 180.6  
Bolls Per Plant 15 .9 
Seeds Per Boll s .o 
Oil Yield 6 .1 




176 . 2  



































46 .8 45.5 
20.6 22.8  
175.9 175 . 8  
180 .8  180 . 7  
2·15 .4  210 . 8  
2.1 1.6 
31 .6 22. 7  
64L .h  740 .9 
12 .5 lh .6 
655 .3 755 .5 
.90 . 84 
13.3 12.9 
37.2 37 .5 
178 .5 177.7 
lh. 2 . 16 . 8  
4.1 3.9 
5 .0 4.9 
8 9 10 
45.6 45.6 45.0 
23.1 23.1 23.2  
175 .8 176 .D 176.0 
180 . 8  181.0 180 .9 
211.6  209 .8  210 .3 
1 .2  1 .1  1 .1  
17 .3 16 .5 17.8 
766 . 8  760 . 8 752.2 
3 .8 1 .8 3.2 
770 .5  762.6 755 .h 
. 88 .91 .90 
16 .5  17.5 17.5 
38 .0 37.2 37 .1  
178 .6 178 .3 179 .9 
17.1 16 .9 17.2 
4.9 s .o 5. 2 
6 .3 6 .6 6 .5 
Table 29. Simple Correlation Coefficients Between 
Cornbinations of Characters. 
Variable First 
Corr.elated Height Bloom 
Variable Correlated 
Full 





.017 -.1J0➔h� - .07?  -.13$➔H�- '."' •002 - .1621Ht 





➔{" Significant at .OS level 
� Significant at .01 level 
81, . "" ,.,Or:'" " 180 "� 300" " . e Lt,i,-"h"" • ;) :;,•h-,\ - • iM, • i\l' 
. 37Y* - .268-�(* .210')H:­








































Bolls Per Plant 
Seeds Per Boll 
Variab�e Correlated 
Total Seed Seed Oil Iodine Bolls Seeds 
Bolls Weight Yield Content Value Per Plant Per Boll 
.02ti. • •  0991( -.102.,� -.125.rn} -.2u0➔Ht- -.5J7➔H-
.408➔H<" -�12th* . 39l'>B<" .020 
-.198''H', .412➔�- 0 2891H(- .62&h'} 
-.lu9➔h�- .321-� - 0289-lh'} .641��:-
-.409*),} .310➔M', -.Ohl .so,�-r.-
-.2h0➔t➔} --330->H<" -.L15•�'} -.098➔(-
- .l] 1 2➔H} .038 - .125➔B<" . 222➔H} 
0997,>,H(- .031 .6J5,>,H(- -.106-r.-
-.172➔Hf -.302➔H} -.hllff -.028 
.008 .6ll�M'} -.108-rc-
486-H..>' . , .. ,, . 326➔H', 
. 36h➔H� 
.028  . 306.;�-
.605➔:➔} -.055 
.522➔� -.065 
. 366*'¾- -.22U-lHr . .  
�.257�-r.- - .187-r.➔� 
.139➔8(- .008 
.o6h • 78h�H� 
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